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Raman spectra、H2-TPR、SEM、XPS 和 TGA 等表征手段对制备的部分催化剂进
行表征，并在模拟尾气的条件下，测试了所有制备的催化剂的催化氧化活性，并
对其结果进行分析。 
采用溶剂热法制备 Ce-Co 复合氧化物纳米纤维，其纤维长度约 800 nm，直
径约为 35-40 nm。在松散接触（lose contact）的方式下， Ce/Co=0.5 时显示出最
佳的催化氧化效果，其 T50=427℃。 
利用异丙醇和 1,3-丙二醇溶剂热法制备了掺杂型尖晶石纳米花，直径大约为
400 nm，褶皱窗口为 100 nm左右。探索了不同时间，不同温度下制备掺杂型钴
锰尖晶石纳米花的最优条件：在 190 ℃条件下，经过 36 h溶剂热反应后，即可
得到掺杂型钴锰尖晶石纳米花。利用热重评价，松散条件下，得到最优催化剂为
La0.5Co0.5Mn2O4，其 T50=520 ℃。 
利用 PMMA 硬模板方法制备的三维有序大孔结构的掺杂型钴锰尖晶石催化
剂，得到大孔孔径大约为 200 nm，窗口孔径大约为 40 nm，桥梁厚度大约为 20 
nm的有序大孔结构催化剂。探索和优化了 PMMA 微球的制备反应时间和浓度，
模板制备的方法，以及不同掺杂量对催化氧化效果影响。在松散接触模式下，得
到 Ce0.9Co0.1Mn2O4和 La0.3Co0.7Mn2O4的催化氧化效果最好，利用 TPO 反应作为
活性评价标准，其 Tm(Ce0.9Co0.1Mn2O4)≈Tm(La0.3Co0.7Mn2O4)≈377 ℃ 
 

















 Abstract  
With the development of society, diesel engines, especially marine diesel engines 
and heavy duty diesel engines, release plenty of NOx and soot particles that have a great 
and negative impact on the environment. The simultaneous removal of NOx and soot 
particles by catalytic combustion allowed the DPF to be passively regenerated, and has 
a very important research significance in the development of diesel engine tail gas 
treatment technology. Spinel oxides have been reported as effective for the 
simultaneous removal of NOx and soot. This thesis tried to prepare several spinel oxides 
with different micro-morphology by using a solvent thermal method and/or a template 
method. The as-prepared catalysts were characterized by XRD, Raman spectra, H2-TPR, 
SEM, XPS and thermogravimetric analysis. The catalytic activities of all the catalysts 
were tested in soot combustion reaction. 
The Ce-Co composite nanofibers prepared by a solvothermal method have a length 
of 800 nm and a diameter of about 35-40 nm. The Ce-Co composite with Ce/Co = 0.5 
showed a best catalytic performance of T50 = 427 ºC in a loose contact condition.  
The doped spinel nanosized flowers were prepared by another solvothermal 
method with isopropanol and 1,3-propanediol as cosolvant. The diameter was about 
400 nm and the folds were about 100 nm. The doped cobalt-manganese spinels were 
prepared at different temperatures and different times. The optimized conditions for the 
preparation of nanoflowers are: reaction at 190 ºC for 36 h. The optimal catalyst was 
La0.5Co0.5Mn2O4 with a T50 = 520 ºC under loose contact condition. 
The doped cobalt-manganese spinel catalyst with three-dimensional ordered 
macroporous structure prepared by PMMA hard template method. The ordered 
macroporous structure catalyst shows a macroporous pore size of about 200 nm, 
window pore size of about 40 nm and bridge thickness of about 20 nm. The reaction 
time and concentration of PMMA microspheres were explored and optimized for the 
development of the template method for the preparation of the doped cobalt-manganese 















different doping amount on the catalytic performance were studied. In the loose contact 
mode, the Ce0.9Co0.1Mn2O4 and La0.3Co0.7Mn2O4 showed the best catalytic performance 
when the TPO reaction was used as the activity evaluation standard. The Tm 
(Ce0.9Co0.1Mn2O4) ≈ Tm (La0.3Co0.7Mn2O4 ) ≈ 377 ºC 
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很多的有毒化合物，比如重金属，苯和苯并芘等。上述碳烟颗粒中 2.5 μm 以下
的颗粒物对人体的危害最大，因为极其容易进入肺部，增加肺部疾病或肺癌的发
病风险，还可能会诱发心血管疾病[4]。 




























盟三大体系以及中国的排放标准，可以看出，世界各国对 NOx 和 PM 的排放标










图 1-1 各国柴油机排放标准 


















表 1-1 柴油车的欧洲排放标准（g/kWh） 
Table 1-1 EU emission standards for diesel engines, g/kWh 
法规名称 实施日期 HC CO NOx PM 
欧Ⅰ 1992/1993 1.23 4.90 9.00 0.40 
欧Ⅱ 1996/1999 1.10 4.00 7.00 0.15 
欧Ⅲ 2000/2005 0.66 2.10 5.00 0.10 
欧Ⅳ 2005 0.46 1.5 3.50 0.02 
欧Ⅴ 2008/2009 0.25 1.5 2.00 0.02 
欧Ⅵ 2014 0.00 0.00 1.36 0.016 
表 1-2 我国柴油车排放标准 
Table 1-2 China emission standards for diesel engines, g/kWh 
我国法规名称 实施日期 标准 
国 3 2006 等效于欧Ⅲ 
国 4 2013 等效于欧Ⅳ 
国 5 2018 等效于欧Ⅴ 
 
1.3 柴油机尾气排放处理技术 
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